S1. Construction of commensurate rutile (110)-graphene unit cells
Construction of this commensurate cell requires unit cells of rutile (110) and graphene. The calculated bulk TiO 2 rutile lattice parameters (obtained from bulk rutile unit cell optimisation using the PBE functional and DZVP basis sets in the CP2K software, with a 3  3  2 supercell) are a = 4.617 Å, c = 2.995 Å. The values found using the HSE06 functional with triple-zeta polarised basis sets using CRYSTAL14 are very similar: a = 4.579 Å, c = 2.951 Å. Both are in good agreement with the experimental values a = 4.593 Å, c = 2.958 Å.
1 The PBE-optimised bulk cell was used to construct rutile (110) slabs, with cell parameters of the slabs A ru = 6.529 Å and B ru = 2.995 Å.
For graphene, orthorhombic unit cell was used, with lattice parameters A gr = 4.254 Å and B gr = 2.46 Å (both cells are shown in Figure 1 in the main text).
To construct a commensurate unit cell of the rutile (110)/graphene composite, the lowest common multiples of the cell parameters of rutile (110) compared to graphene need to be found. Generally, a n  m extended supercell of rutile (110) is combined with a N  M extended supercell of graphene, where n, m, N, M are integer numbers. The aim is therefore to find such combinations of n with N, and m with M, which lead to the smallest lattice mismatch between TiO 2 and graphene supercells.
Two orientations of the graphene layer with respect to rutile (110) are considered: (i) the A gr (armchair) lattice vector of graphene is parallel to the A ru lattice vector of rutile (110), as in Figure 1 in the main text (results in Tables S1-S3), and (ii) 90 rotation of the graphene layer: the B gr vector (zigzag line) of graphene is parallel to the A ru cell vector of rutile (110) ( Figure S1 and Tables S4-S6 ). (i) When the A gr (armchair) lattice vector of graphene is parallel to the A ru lattice vector of rutile (110), the dimensions of the composite unit cell are n ru A ru = N gr A gr (horizontal) and m ru B ru = M gr B gr (vertical) . The combinations of n ru with N gr , and m ru with M gr should be such that n ru A ru is as close as possible to N gr A gr , and m ru A ru is as close as possible to M gr A gr .
To construct commensurate cells, we systematically scan through all possible combinations of n ru with N gr , and m ru with M gr . For each value of n ru from 1 to 15, we find the corresponding value of N gr that gives the smallest difference between n ru A ru and N gr A gr . The same procedure is followed for m ru with M gr .
Tables S1 and S2 summarise the obtained combinations of n ru with N gr , and m ru with M gr , respectively, together with the amount of lattice mismatch (in %) for these combinations. Cells with small mismatch are highlighted in bold. Table S3 shows the number of atoms in the resulting rutile (100)/graphene composite cells based on the best combinations of n ru with N gr , and m ru with M gr .
The smallest-size cell with small lattice mismatch (2.32% and 1.44% in the A and B directions, respectively), is the combination of a 36 supercell of graphene with a 25 supercell of rutile (110), used in this work (192 atoms when the 6 atomic-layer rutile slab is used, or 252 atoms with the 9 atomic-layer rutile slab) and in the literature.
2 Mismatch below 2% can be achieved only with much larger cell sizes involving over 1000 atoms (Table S3 ). This much greater computational expense is not expected to greatly improve the accuracy of the interface model (see strain tests, Fig. 2 in the main text and Table S7 ). (ii) Tables S4 and S5 describe the lattice matching procedure for case (ii), i.e. the orientation of graphene with respect to rutile (110) where the zigzag line of graphene (vector B gr ) runs parallel to the A ru cell vector of rutile (110), shown in Figure S1 . Here, combinations of n ru , M gr , m ru , A gr should ensure n ru A ru = M gr B gr , and m ru B ru = N gr A gr . We find that commensurability of n ru A ru with M gr B gr can be achieved already with small supercell extensions, while commensurability of m ru B ru with N gr A gr requires large supercell extensions.
Cell sizes for the resulting best composite cells are given in Table S6 . The smallest commensurate unit cell combines an 8  5 supercell of graphene with a 3  7 supercell of rutile (110), with the strain of -1.43% and -0.47% to the armchair and zigzag graphene directions, respectively (412 atoms with a 6 atomic layer slab of rutile (110)). An even better match (strain of -0.47% and +0.58% in the armchair and zigzag lines, respectively) can be obtained by combining an 87 supercell of graphene with a 310 supercell of rutile (110), but the cell size (584 atoms with a 6 atomic layer rutile (110) slab) is too large for practical use, and improvements in quality are expected to be minimal. The accuracy of our estimated band gaps is limited by the density of the k-point sampling. We evaluate the uncertainly in our band gaps as 0.01 eV (as the difference between the conduction band energies at the Dirac point and at the next k-point). This uncertainty is similar to those reported in earlier studies: 0.01 eV 3 or 0.0003-0.04 eV depending in the k-point grid 4 . Figure S2 displays the band structures of graphene unit cells under 20, 25, and 30% applied tensile uniaxial strain in the armchair and zigzag directions. The band gaps reported in the main article (Figure 2 ) and below in Table S7 are obtained from the band structures and are defined as the energy gaps between the highest fully or partially-occupied electronic band and the lowest unoccupied band. In the case of structures D and F of Figure S2 one can see that here the Fermi level is not at the Dirac point, and thus the highest-occupied band is only partially occupied. Figure S2 . Band structures of highly-strained graphene unit cells: 20% armchair (A) and zigzag (B); 25% armchair (C) and zigzag (D); and 30% armchair (E) and zigzag (F). Figure S3 shows the projected density of states (PDoS) data for the 6-atomic-layer rutile (110) slab with and without the presence of graphene. Unlike the 9-atomic-layer composite system ( Figure 5 in the main text), there is no significant interaction in the TiO 2 forbidden region between graphene and rutile (110), nor any shift in the positions of the titanium bands above the conduction band of TiO 2 . The only noteworthy change in the structure is the appearance of carbon bands in the band gap of TiO 2 . Figure S3 . PDoS plot of the 6-atomic-layer rutile (110) slab (bottom) and its composite with graphene (top). The total DoS is shown in black, the projections shown are: carbon (red); 2-coordinated oxygen (orange); 5-coordinated titanium (dark blue); and 6-coordinated titanium (cyan). The dashed lines show the VBM and CBM of the rutile (110) slab, in addition to the Fermi level of the composite as a whole. Figure S4 shows the spatial charge density difference between the composite systems and the isolated TiO 2 and graphene systems, for our two TiO 2 slab sizes. In both cases there is a pattern of charge migration across the interface from graphene to rutile, with the magnitude of charge transfer across the interface (0.01 electrons per carbon atom) comparable to what has been seen in similar studies using DFT+U methods (0.007-0.03 electrons per C atom).
S3. Band structures of highly strained graphene

S4. Interaction energies in the TiO 2 /graphene system
S6. Charge density difference in the rutile (110)/graphene composite system
2,5,11 Additional evidence for charge transfer from graphene to rutile is seen in the positioning of the Fermi level ( Figures 6-7 in the main text), as it lies below the Dirac point by almost 0.5 eV, which is slightly less than that observed in the previous calculations of this interface. 2,5 Both our work and the previous research clearly show that some spontaneous charge transfer from graphene to rutile occurs upon formation of this composite system. 
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S7. Band structures of the rutile (110) and graphene components Figure S5 shows the band structures of the isolated graphene and the 9-atomic-layer rutile (110) components of the TiO 2 /graphene composite. The band structures for the components of the composite show the same characteristic shape as parts the combined composite, such as the flat TiO 2 bands and the more dispersed graphene bands, with the Dirac point appearing away from the  point. Comparing the two band structures with the full composite ( Figure 7 in the main text) shows that there is little change to the band structure upon formation of the composite. Figure S5 . Band structures of the graphene (top) and the 9-atomic-layer rutile (110) (bottom) components of the rutile (110)/graphene composite. In both cases the geometries are those adopted in the composite cell.
